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Description 

BArXGRQUND OF THE INVENTION 

1. Field Of the invention 

The present invention relates generally to inlqet 
printers and. in particular, to wiping the printheads of 
one or more print cartridges of an inl^et printer. Most 
particularly, the invention relates to method and struc- 
ture that depend upon printer carriage motion for auto- 
matic, uni-directional, separate wiping of each printhead 
utilizing an integrated removable wiper structure. 

2. Related Art 

Inlqet printhead nozzles commonly become 
plugged with ink blobs or particulate, or othenwise con- 
taminated with internal bubbles that prevent the nozzles 
from operating properly, resulting in lower print quality. 
Consequently, ini^et printers typMcally include a service 
station that provides for spitting, wiping, capping and 
priming of single printheads in onder to keep the print- 
head nozzles clean and functioning. 

Conventional service stations frequently require 
operator Intervention and often take the printer off-line 
for several seconds. It is desirable to automate print- 
head servicing to free the operator for other taste, and 
to perform servidng as quickly as possible. 

Failure recovery methods and systems have been 
proposed that provide for the automatic recovery from a 
condition in a plural printhead inl^et printer in which the 
printhead's nozzles become clogged with ink and par- 
ticulate, wherein the method includes capping the print- 
heads, selectively priming and flushing a given 
printhead and then uncapping and wiping the print- 
heads. One such method and system is described in 
comnrwnly owned, copending U.S. Patent Application 
Serial No. 07/949.318. entitled "Automatic Failure 
Recovery for Ink-jet Printheads," filed on September 21 , 
1992. 

Wiping in conventional service stations is typically 
done with a single wiper that wipes the printhead in 
each of two directions. This is undesirable because wip- 
ing an inlqet printhead in two directions results in recon- 
tamination of a printhead during wiping, and wiping 
multiple printheads with a single wiper surface results In 
inter-printhead contamination. 

EP-A-05 89 582 discloses an ink-jet printhead wip- 
ing apparatus which comprises a set of non-integral 
wipers. A floating sled mounts in a preferably linear 
array one or more caps and wipers on a generally pla- 
nar support member. The support member is actually 
part of the sled. 

Previously, wiper blades have been mounted below 
a surface of a nravaWe sled and extended through a 
hole in the surface. Consequently, the wiper blades 
have been relatively k>ng and. therefore, not as stiff as 



desired. Generally, it is desirable to make the wiper 
blades as stiff as po^ible. without damaging the print- 
head, so that the most effective wipng will be obtained. 
Additionally, the angle at which the wiper blade 
5 wipes across tiie printhead (Viper blade angle of 
attack") has been found to be an important factor In 
effective wiping of the printhead. Generally, the most 
effective wiping is obtained when the wiper blade angle 
of attack is as dose as possible to 90**. 
10 Previously, wiper blades have been made of rubber, 
A rubber wiper blade bends as the wiper blade comes 
into contact with the print cartridge. The amount of 
bending, i.e.. the amount by which the wiper blade angle 
of attack deviates from the desired 90° angle, depends 
IS upon the amount of interference between the wiper 
blade and the print cartridge In previous service sta- 
tions, cumulation of tolerances associated with the 
nominal portions of the service station sled (on which 
the wiper blades are mounted) and the print cartridge 
20 printheads necessitate a large nominal interference 
between the wiper blades and the printheads in order to 
ensure contact between the wiper blades and the print- 
heads during wiping. This large interference results in a 
wiper Wade angle of attack that is typically less than 30^ 
25 when rubber wiper blades are used. Thus, rubber wiper 
blades do not wipe as well as desired. 

Further, with riiiber wiper blades, "shingling" of the 
wiper blades can result after prolonged used of the 
wiper blades, particulariy in low humidity and low tem- 
30 perature environments. Shingling is a microscopic 
defect on the surface of the wiper blade that, during wip- 
ing, can cause air bubbles to be transmitted into the 
nozzles of the print cartridge. These air bubbles can 
cause ink to be displaced from the firing chamber of the 
35 print cartridge so that the print cartridges will not print, 
necessitating priming of the print cartridge in order to 
restore printing capability. 

In order to acWea^e good wiping, it is necessary to 
maintain a minimum wiping force between the wiper 
40 blades and the printheads. It Is also desirable that the 
wiping force remain approximately constant de^ite var- 
iations in the amount of interference between the wiper 
blades and the printhead. Further, the wiper blades 
must maintain contact with the printhead along the 
45 entire length of the wiper fcrtade to achieve the best wip- 
ing. Thus, the wiper blade must be supported by a struc- 
ture that accomplishes these functkms. 

Print cartridges containing a pigmented ink. e.g.. a 
black pigmented ink, are particularly difficult to wipe 
50 effectively, as compared to print cartridges containing a 
dye. Thus, the above-noted characteristics of a good 
wiper blade, e.g., stiffness, wiper blade angle of attack 
near 90** and adequate wiping force, are particulariy 
inrportant for wiper blades that wipe printheads of print 
55 cartridges that dispense pigmented ink 

Because of the frequent contact between the wiper 
Wad sandth print cartridge, the wiper blades wear out 
quicker than the remainder of th service station, e.g., 
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the capping mechanism and the service station sled. 
Consequentiy. it is desirable that a user be able to 
replace the wiper blades or wiping structure without the 
necessity of replacing th remainder of the service sta- 
tion. ^ 

The present invention provides a wiping structure 
conprising the features of Claim 1 . 

An apparatus according to the invention includes a 
sled mounted to a printer chassis, pairs of caps and wip- 
ers mounted on the sled, one pair for each of the print i 
cartridges mounted on a print can-iage. The sled and 
the printer chassis are cam-coupled for controlled, rela- 
tive movement therebetween. The sled and the print 
carnage are also canrhcoupled for controlled, relative 
movement therebetween. Movement of the print car- i 
riage produces slight vertical and lateral movement of 
the sled to place the sled in one of three primary posi- 
tions relative to the print carriage: an elevated position 
for capping and priming the printheads, an intermediate 
position for wiping the printheads and a lowered printing ^ 
position for free redprocal movement of the print car- 
riage without interference between the printheads and 
either the caps or the wipers. Thus, a controller that 
includes only the printer's carriage drive motor provkJes 
printer servicing, including capping and wiping. 

A method according to the Invention involves 
uncapping the printheads, wiping the printheads, lower- 
ing the sled to the printing position beneath the print- 
heads, optionally re-wiping the printheads repeatedly, 
and returning the printheads to the capping position. 
During wiping, ink may be spit from the print cartridge 
on to the wiper to enhance wiping. Alternatively, ink may 
be spit onto the printhead before wiping to aid in wiping. 
The method and apparatus of the invention are compat- 
ible with automatic priming of selected ones of the print- 
heads. 

Wiping is uni-directional, thereby avoiding recon- 
tamination of a printhead that may occur during a return 
wipe if bi<Jirectional wiping Is used. Further, each print- 
head is wiped by only one wiper, thereby avoiding con- 
tamination of the printhead with ink or contaminants 
from another printhead. Importantly, there is no perma- 
nent lock-out state of the method and apparatus from 
which printing cannot resume without operator interven- 
tion. 

In one embodiment, wiping structure according to 
the invention includes a wiper, a wiper mount on which 
the wiper is mounted, and a wiper frame on which the 
wiper mount is mounted. The wiper mount can be. for 
example, a spring means that deflects during use of the 
wiping structure so that the wiper contacts a printhead. 
The wiper can be, for example, a wiper blade that is 
injection molded on to the wiper mount. The wiping 
structure may include more than one wiper. 

In another embodiment, a wiping structure accord- 
ing to the invention includes a wiper mount and a wiper 
that is injection molded on to the wiper mount. A plural- 
ity of wipers can be molded on to th wiper mount. The 



wiper mount can be, as above, a spring means that 
deflects during use of the wiping structure so that the 
wiper contacts a printhead. 

In one particular embodiment, the spring means 
further includes a first leaf spring, a second leaf spring, 
a cross member connecting the first and second leaf 
springs, and a wiper Wade molded on to the cross mem- 
ber. Material can be selectively removed from and 
added to the cross member to achieve desired stiffness 
0 characteristics in different directions. For instance, 
materia! can be removed from the portions of the cross 
member between the wiper blade and leaf springs so 
that the wiper blade can gimbal, thus allowing the wiper 
Wade to move as necessary to maintain good contact 
fs with the printhead. Additionally, material can be added 
In the region where the wiper Wade is mounted in order 
to impart additional stiffness in a direction parallel to 
wiping, thus helping to maintain the desired steep wip- 
ing angle, 

so The wiper blade can be made of an injection mWd- 
aWe polymer. In a specific embodiment, the wiper Wade 
is made of a polyWefin alloy, and, in an even more spe- 
cific embodiment, the wiper Wade is made of a Wend of 
polypropylene and polyethylene. Alternatively, the wiper 
25 Wade can be made of an engineering thernrraplastic 
elastomer. 

Wiper blades made of one of the above materials 
do not wear as easily as previous wiper blades, e.g., 
rubber wiper Wades. Additionally, injection molding the 
30 wipers onto the wiper trount is a simfrfe and inexpen- 
sive method for producing wipers according to the 
invention. Generally, according to the inventton, wipers 
made of an injection moldaWe material are injection 
molded onto any can-ier that achieves the above- 
35 described functions. 

According to the invention, a wiper structure is pro- 
vided which can be easily assembled to and removed 
from the remainder of the service station structure with- 
out need to use tools. Thus, the wiper structure can be 
40 easily removed and r^laced by a user so that tiie 
remainder of the original service station structure can 
continue to be used. 

In one embodiment, a wiping structure includes a 
wiper, a wiper mount on which the wiper is mounted, 
45 and a wiper frame on whteh the wiper mount is 
mounted, the wiper frame including structure for detach- 
aWy attaching the wiper frame to the printer. The struc- 
ture for detachaWy attaching includes, in one 
embodiment, first and second snap arms extending 
so from a surface of the wiper frame and proximal to a first 
end of the wipa frame, and first and second retention 
legs extending from the surface of the wiper frame and 
proximal to a second end of the wiper frame opposite 
the first end. a foot being formed at the end of each of 
55 the first and second retention legs. 

The invention further includes a method for assem- 
Wing a wiper structure to a sled body of a printer, the 
wiper structure including a wiper frame. In one embodi- 
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ment. the method includes the steps of fitting a retention 
leg of the wiper frame through a hole formed proximal to 
a first end of the sled body, moving the wiper frame so 
that a foot of the retention leg extends under the sled 
body to contact a surface of the sled body and so that 5 
the retention leg contacts a surface of the hole» and piv- 
oting the wiper frame toward the sled body so that a 
snap arm formed on the wiper frame extends past a 
second end of the sled body, the second end bang 
opposite ^e first end, and snaps into place around 10 
extensions formed on the sled body 

RRIFF DESCR «PT«<^N O*"™^ DRAWINGS 



at various times during me method illustrated in FIG. 1 2, 



pPTAIL^D DESnRlPTlQNi OF E MRODIMENTS OF 
JMg INVENTION 



FIG. 1 A is a simplified perspective view of an inl^et is 
printer according to the invention illustrating a printing 
mode of operation. 

FIG. IB is a simplified perspective view of the inkjet 
printer of FIG. 1A illustrating a non-printing mode of 
operation in which the print cartridges are capped. 20 

FIG. 1C is a perspective view of a portion of FIG. 

1A. 

FIGS. 2A through 2H are a series of simplified front 
elevations of an inlqet wiping and capping apparatus, 
made in accordance with an embodiment of the inven- 25 
tion. showing various phases of the apparatus' opera- 
tion. 

FIG. 3 is a simplified front elevation of an inl^et wip- 
ing and capping apparatus, similar to FIG. 2A. made in 
accordance with another embodiment of the invention, so 

FIG. 4 is a transition diagram corresponding to the 
operational phases illustrated in FIGS. 2A through 2H. 

FIG. 5 is an exploded perspective view of a service 
station for use with an inl^et printer according to the 
invention illustrating the assembly of the service station. 35 

FIG. 6 is a perspective view of a spring used with 
the service station of FIG. 5. 

FIG. 7A is a perspective view of the sled of the serv- 
ice station of FIG. 5. 

FIG. 7B is an exploded perspective view of the sled 4o 
of FIG. 7A illustrating the assembly of the sled. 

FIG. 8 is an exploded perspective view of a wiper 
structure according to the invention. 

FIGS. 9A and 9B are detailed perspective views of 
a portion of the wiper mount of FIG. 8. ^ 

FIG. 10 is a cross-sectional view of the wiper blade 
of FIGS. 9A and SB wiping across the printhead of a 
print cartridge. 

FIG. 1 1 is a graph Illustrating wiping force as a func- 
tion of linear deflection from a rest position of springs so 
according to the invention on which wipers are 
nriounted, 

FIG. 12 is a flow chart of a method according to the 
invention for wiping printheads of a plurality of print car- 
tridges. ^ 

FIGS. 13A through 13D are simplified aoss-seo- 
tional views showing various positions of the print car- 
tridges with respect to the wipers, cappers and spittoon 



FIG. 1A is a simplified perspective view of printer 
100 according to tiie invention. Ud 101 of printer 100 
encloses print carriage 102 in which four print car- 
tridges 105a. 105b. 105c. 105d (also known as "pens," 
printhead cartridges," or "cartridges") are inserted, as 
explained in more detail below. Print carriage 102 is 
mounted on slider bar 103 such that a printhead {not 
shown) on each of print cartridges 105a. 105b, 105c. 
105d is adjacent print medium 104, e.g., paper. 

Print medium 104 is fed from print media input 
slack 107 in input tray 106 through a print medium feed 
mechanism (not shown). Print medium 104 is tiien 
advanced by rollers (not shown) in a direction perpen- 
dicular to sIkJer bar 103 while print carriage 102 is 
moved back and forth on slider bar 103, as explained in 
more detail below with respect to FIG. 1C. As the print 
cartridges 105a, 105b. I05c. 105d move relative to print 
medium 104, ink is ^ected through nozzles formed in 
each of the printiieads. Ink is held in a reservoir witiiin 
each of print cartridges 105a. 105b. 105c, I05d. Typi- 
cally, each of print cartridges 105a, 105b. 105c. 105d 
contains a different color of ink, e.g.. black, cyan, 
magenta, yellow. Ihe ink passes through channels 
formed in each of print cartridges 105a. 105b, 105c. 
105d to firing chambers formed in each print cartridge 
105a. 105b. 105c. 105d In the vicinity of the nozzles. 
The ink in the firing chamber is heated and vaporized, 
the vapor bubbles in tiie ink causing a droplet of ink to 
be ejected tiirough an associated nozzle onto print 
medium 104. The nozzles in the printhead of each print 
cartridge 105a, 105b. 105c, 105d are arranged in a pat- 
tern, such as a rectangular matrix, and ink selectively 
ejected onto print medium 104 so that desired charac- 
ters or other images are printed on print medium 104. 

Though, in the description above, the print carriage 
102 contains four print cartridges 105a. 105b. 105c, 
105d, each print cartridge 105a, 105b, 105c, 105d con- 
taining erther bla(^ cyan, magenta or yellow ink. it is to 
be understood that other numbers of print cartridges 
can be used, e.g.. three print cartrWges. and other 
colors of ink can be used. e.g., red, green and blue. The 
invention also encompasses, for example, printers 
including only one print cartridge. 

As part of operation of printer 1 00. it is necessary to 
perform certain maintenance operations on tiie print- 
heads of the print cartridges 105a, 105b. 105c, 105d. 
FIG. 1B is a simplified perspective view of printer 100 
illustrating a non-printing mode of operation in which 
print cartridges 105a, I05b. 105c, 105d are capped in a 
service station, indicated generally by reference 
numeral 109. The service station 109 (described in 
more detail below) is provided in printer 1 00 for perform- 
ing print cartridg maintenance operations, which 
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include wiping, priming and spitting, and for storing 
(capping) print cartridges 105a. 105b, 105c. 105dwhen 
print cartridges 105a. 105b. 105c. 105d are not being 
used for printing. 

FIG. 1C is a perspective view of a portion of FIG. 5 
1A. Continuous belt 1 11 is used to drive print carriage 
102 along slider bar 103 in a conventional manner. A 
conventional linear encoder strip (not shown) is utilized, 
as is known in the art. to detect the position of print car- 
riage 102 as it moves back and forth adjacent print 
medium 1 04. so that print carriage 102 can be appropri- 
ately positioned during printing. Print carriage 102 is 
also mounted on a guide rail (not shown) to prevent print 
carriage 102 from rotating about slider bar 103. 

Each of print cartridges 105a. 105b. 105c, 105d is 
held In place in a corresponding stall of print carriage 
102 by a friction fit. A resilient arm 102a protrudes from 
a bottom surface of each of the stalls so that each print 
cartridge I05a. 105b. 105c, 105d is fitted into the corre- 
sponding stall by "snapping" the print cartridge 105a, 
105b, 105c or 105d into place such that the correspond- 
ing resilient arm prevents the print cartridge 105a. 105b. 
105c or 105d from moving in a direction perpendicutar 
to slider bar 103. Springs (not shown) are attached to a 
side of each stall such that when each print cartridge 
105a. 105b. 105c or 105d is snapped into place in the 
corresponding stall, the springs are conpressed and 
apply a force to the print cartridge I05a. 105b. 105c or 
105d to prevent the print cartridge 105a. 105b, 105c or 
105d from moving laterally (i ^-. parallel to slider bar 
103) within the stall. 

As seen in FIG. 1C. service station 109 includes 
sied 1 10 which further includes wipers 1 10a and caps 
1 10b. As explained in more detail below, when print car- 
tridges 105a. 105b. 105c. lOSd are not being used for 
printing, print carriage 102 is moved to service station 
109 and lowered to a capping position such that each 
print cartridge 105a. 105b. 105c, 105d contacts and is 
surrounded by a corresponding one of a plurality of 
caps 110b. Print cartridges 105a. 105b, 105c, 105d are 
capped when not in use to prevent the nozzles in the 
printheads from drying out. 

A plurality of wipers 110a in service station 109 
wipe the printheads of print cartridges 105a, 105b, 
105c, I05d to remove contaminants or crusted ink that 
may block the printhead nozzles. Each wiper 110a 
wipes only one of print cartridges 105a. 105b. 105c or 
105d as print carnage 102 moves into or out of service 
station 109. 

Service station 109 is also used for priming. If, for 
some reason, ink is no longer in the firing chamber adja- 
cent one or more of the nozzles, so that ink is not being 
ejected from the nozzle, a vacuum can be applied 
through the nozzle white printer carriage 102 is In the 
capping position to draw ink from the ink reservoir of the 
print cartridge I05a. 105b. 105c or 105d into the firing 
chamber. 

Service station 109 can also be used for spitting. 



When print cartridges 105a. 105b, 105c or 105d have 
been capped for a lengthy period of time, before printing 
again It is necessary to "spit." i.e., eject a a series of 
drops of ink to dear crusted ink from the nozzle. This 
operation is performed either before, during or after wip- 
ing. 

FIGS. 2A through 2H are a series of sinrplrfled front 
elevations of an inlqet wiping and capping apparatus 
(i.e., service station), made in accordance with an 
embocfiment of the invention, showing various phases 
of the apparatus* operation, as explained in more detail 
in commonly owned, copending U.S. Patent Application 
Serial No. 07/949.197, entitled "Ink-jet Printhead Cap- 
ping and Wiping fvlethod and Apparatus," filed by Wil- 
liam S. Osborne on September 21, 1992. FIGS. 2A 
through 2H show, f ragmentarity and in greatly simplified 
form, an inlqet printer 210 in front elevational view. For 
the sake of clarity, only FIG. 2A carries all referenced 
numerical designators.) 

The printer chassis 212 (base) is shown only frag- 
mentariiy and In greatly sinpiif ied form. A fbating sled 
214 is gimbal-nnounted to printer chassis 212. A linear 
anray of one or more caps 216 (having printhead-seal- 
ing lips at their upper extents) and a tike number of wip- 
ers 21 8 (having upper terminal ends or wiping surfaces) 
Is nrK)unted on a generally planar support member 220. 
Sled 214 is positioned beneath the printer's movable 
carriage 222. which is shown only fragmentariiy Car- 
riage 222 mounts plural print cartridges (not shown in 
FIGS. 2A through 2H). the operative bottom surfaces 
(printheads) of which define a first sulDstantiaily horizon- 
tal plane P Indicated In FIGS. 2A through 2H as a 
dashed line. 

Each of wipers 218 is operatively associable with a 
corresponding print cartridge, as is each cap 216. Sled 
214. which is gimbal mounted to chassis 212 by plural 
spring elements 224. as explained in more detail below, 
may be seen from FIGS. 2 A through 2 H to be cam-cou- 
pled with chassis 212 for controlled relative movement 
therebetween. Sled 214 also is cam coupled with car- 
riage 222, on which the print cartrkiges are mounted, for 
controlled relative movement therebetween. As will be 
seen, this dual cam coupling of sled 21 4 with fixed chas- 
sis 212 and movable carriage 222 produces slight verti- 
cal and horizontal movement of sled 214 in response to 
controlled, reciprocal, horizontal movement of can-iage 
222 relative to chassis 212. Such reciprocal movement 
of carriage 222 relative to chassis 212. in accordance 
with the method and apparatus of the invention. Is auto- 
nfiatically provided by the printer's carriage controller. 

In a senrice mode of operation of printer 210, cam- 
coupled sled 214 and chassis 212, and cam-coupled 
sled 214 and carriage 222. responsive to the controller 
and movement of carriage 222 undergo predetermined 
vertical and lateral movement that results in the place- 
ment of caps 216 and wipers 218 in predefined printing 
(uncapped), wiping and capping positions relative to 
their corresponding printheads. A single drive motor for 
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controlling carriage 222 Is operated in common with 
both the service mode described herein and with the 
normal printing mode of operation of the printer. 

Inportantly. gin*al mounting of sled 214 to chassis 
212. by way of plural spring elements or merr4)ers 224, 
produces a substantially constant force between the 
prlntheads and caps 216 (for capping) by upward forces 
imparted through sled 214 normal to plane P. Spring 
elements 224. with the leaf springs of a wiper structure 
according to the invention described in more detail 
beiow, also produce a substantially constant force 
between the printheads and wipers 218 (for wiping). 
Constant-force capping and wiping provided by the 
structure according to the invention reduces wear on 
the lips of caps 21 6 and on the wiping surfaces of wip- 
ers 218, each of which may be brought into frequent 
contact with the printheads of the print cartridges. 

Each of spring elements 224 is made of. for 
instance, spring steel and is mounted rotataWy on one 
end to a capture post Ondicated schematically as a sim- 
ple circle in FIGS. 2A trough 2H) on chassis 212 and 
on the other end to a capture post (identically indicated 
in FIGS. 2 A through 2H) on sled 214. Spring elements 
224 are generally V-shaped, as shown, and have a 
nominal angle between their radially extending arms of 
approximately 31 .9** and provide approximately 0.4 
pounds of force (1.8 N) at 10.4 mm (0.409 inches) of 
compression from their nominal 24.2 mm (0.953 inches) 
span. In one ent>odiment. the spring elements 224 are 
flat leaf springs. In another enf*odiment» the spring ele- 
ments 224 are wire springs, as shown in FIGS. 5, 6 and 
10, and described in more detail beiow. 

Gimbal-mounting with spring elements 224 also 
defines a printing position of sled 214 in a substantially 
horizontal plane that is parallel with plane P defined by 
the surfaces of the printheads. Stored energy in spring 
elements 224 provides the force necessary to urge sled 
214 through the various vertical and lateral movements 
that are controlled by the abov&<iescribed cam-cou- 
pling anBngemerrt. Such cam-controlled horizontal and 
vertical movement of sled 214 relative to chassis 212 
thus requires no external motive force. e.g.. a dedicated 
drive motor, but instead Is produced very simply and 
cost effectively by horizontal movement between car- 
riage 222 and chassis 212. 

Referring still to FIGS. 2A through 2H. sled 214 
Includes first cam surfiaces 214a having predefined, 
nearly identical, profiles. Left cam surface 214a has a 
pronounced vertical step defining a temporary stop S, 
whereas right cam surface 214a has an inclined corre- 
sponding step also defining temporary stc^ S. Each of 
first cam surfaces 214a are engaged with correspond- 
ing second cam follower members 212a of chassis 212. 
Sled 214 further includes first cam foltower members 
214b extending upwardly from sled 214. Rrst cam fol- 
lower members 214b engage witii corresponding sec- 
ond cam surfaces 222a. 222b of carnage 222. Four first 
cam surfaces 214a and first cam follower mennbers 
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214b are provided along the perimeter of generally 
piano-rectangular sled 214 to horizontally stabilize sled 
214, although for reasons of clarity and brevity only two 
are shown in FIGS. 2A through 2H. Correspondingly. 
5 four second cam follower members 212a are provided 
on chassis 212 and two each second cam surfaces 
222a. 222b are provided on carriage 222, although only 
two and one each, respectively, are shown in FIGS. 2A 
tinrough 2H. 

10 In another embodiment of the invention, the posi- 
tion of the left and right first cam surfaces 214a are 
reversed, as compared to the embodiment of the inven- 
tion shown in FIGS. 2A through 2H. In FIG. 3 (which, 
except for cam surfaces 214a, is identical to FIG. 2A). 

IS temporary stop S for the right cam surface 214a is 
defined by a pronounced vertical step, and a temporary 
stop S for the left cam surface 214a is defined by an 
inclined corresponding step. 

During the wiping of the printiieads. contact of each 

20 of the printheads with tiie corresponding wiper 218 
inrf)arts a force to tiie sled 214. Locating the left and 
right first cam surfaces 21 4a as shown in FIG. 3 results 
in more even distribution of these forces over the sled 
214. SO that tiie sled 214 is retained better in the wiping 

25 position during tiie wiping of the printheads. 

Sled 214 is injection molded from a polymer mate- 
rial having a teffon filler. In order to provide a suitably 
low coefficient of frictfon between cam surfaces 214a 
and cam follower members 21 2a of the chassis, cam fol- 

30 lower members 212a are injection nrolded parts of tiie 
same polymer material without tiie teflon filler. These 
materials provide for smooth cam action and durability 
of tiie contacting surfaces of sled 21 4 and chassis 212. 
Other suitable materials may be used, afthough light- 

35 weight, and easily and inexpensively manufectured 
parts are prefen'ed. 

FIG. 2A illustrates a capping position in which the 
plane defined by the surfaces of the printheads is, with 
slight interference fit, coplanar with the plane defined by 

40 the lips of caps 216. FIG. 2B Illustrates an uncapped 
position of the printheads in which sled 214 is at an 
intermediate wiping position or elevation in which the 
plane P defined by the surfaces of the printheads is, 
witti slight interference fit. coplanar witii a plane defined 

45 by the wiping surfaces of wipers 21 8. 

As may best be seen by contrasting FIGS. 2A and 
2B. the printiieads are uncapped by relative movement 
between chassis 212 and sled 214, with first cam sur- 
faces 214a of sled 214 and second cam follower mem- 

50 bers 212a of chassis 212 producing substantially 
vertical downward movement of sled 214 relative to car- 
riage 222, the relative movement between chassis 21 2 
and sled 214 being produced by an end stop 226 
mounted on carriage 212 adjacent an extreme end of 

55 second cam surfaces 222a, 212b. By the dual cam 
action provided betw en (1) first cam surfaces 214a of 
sled 21 4 and second follower memb rs 21 2a of chassis 
212. and (2) second cam surfaces 222a. 222b of car- 
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riage 222 and first follower members 214b of sled 214. 
no horizontal movement between sled 214 and chassis 
222 occurs, but a downward v rtical movement of sied 
214 relative to chassis 222 does occur, thereby remov- 
ing sled 214 from a printhead capping to a printhead 
wiping position. This downward vertical movement of 
sled 214 relative to carriage 222 results from forces 
imparted on sled 214 by the slight leftward movement of 
can'iage 222 as second follower members 212a of 
chassis 212 urge sled 214 downwardly via an upwardly 
and rightwardly inclined, left-most region of first cam 
surfaces 214a of chassis 212. 

By contrasting FIGS. 2B and 2C. it is seen how sled 
214 has proved from the uncapped position of FIG. 28 
to a start-of-wipe portion of FIG. 2C. In FIG. 2C, car- 
riage 212 is slightly further to the left than in FIG. 2B. In 
the uncapped position of FIG. 28. spring elements 224 
are con^fessed. The natural tendency of spring ele- 
ments 224 to resist compression causes spring ele- 
ments 224 to open up and thereby cause sled 214 to 
move slightly further left relative to chassis 212 until 
second follower members 21 2a reach a temporary slqD. 
indicated as S. approximately half way up inclined first 
cam surfaces 214a. FIGS. 2C and 2D represent what 
may be referred to as an equilibrium position of sled 21 4 
relative to chassis 212 in which sled 214 will remain at a 
predefined wiping elevation relative to carriage 222 until 
carriage 222 is urged out of equilibrium by an external 
force. FIG. 2C represents a start-of-wipe (or begin- 
wipe) position and FIG. 2D represents an end-of-wipe 
position between which the printheads are wiped by 
substantially horizontal relative movement between car- 
riage 222 and chassis 212. 

Contrasting FIGS, 2D and 2E, it may be seen that, 
at the end of the wiping action in which sled 21 4 is in the 
above described equilibrium position, second cam sur- 
faces 222a. 222b of carriage 222 impact first follower 
members 214b of sled 214 to force sled 214 slightly 
downwardly near the end of the leftward travel of car- 
riage 222. FIG. 2E Illustrates a position of sled 214 at 
which wipers 21 8 are disengaged from the printheads. 

FIG. 2F shows the down position of sled 214 in 
which carriage 222. freely and without printhead inter- 
ference with either caps 21 6 or wipers 21 8. may be hor- 
izontally reciprocated above sled 214. 

FIG. 2Q shows a temporary lockout position of car- 
riage 222 that might be reached by intentional or inad- 
vertent manual intervention by a printer operator or 
service person. Importantly, the extreme right end of 
second cam surface 222b has a leftwardly. downwardly 
inclined region that, with first cam follower menders 
214b positioned to the right thereof, but moving toward 
the left, causes sled 21 4 to settle into a lowered position 
in which carriage 222 may freely be returned to the right 
as in the capping position shown in FIG. 2A. Spring ele- 
ments 224 under compression in the position of sled 
214 shown in FIG. 2H tend to urge sled 214 into th 
capping position of FIG. 2A as carriage 222 travels 



toward the right. 

The above description of FIGS. 2A through 2H illus- 
trate that relative movement belw en carriage 222 and 
base 21 2 produces downward movement of sled 214 by 
5 cam action between first cam surface 214a and second 
follower member 212a. which downward movement 
positions the upper terminal ends of viripers 218 in plane 
P defined by the surfaces of the printheads. thereby to 
define a wiping position of sled 214. Further relative 
10 movement between carriage 222 and base 212 pro- 
duces wiping action between wipers 218 and the print- 
heads. Still further relative movement produces further 
downward movement of sled 214 by cam action 
between second cam surface 222a and first follower 
IS member 21 4b. which positions the lips of caps 21 6 and 
the upper terminal ends of wipers 218 beneath plane P. 
thereby defining a free portion of sled 214 in which car- 
riage 222 may freely be reciprocated without interfer- 
ence between the printheads and the cap lips or 
so between the printheads and the wpers. 

FIG. 4 is a flow diagram friat illustrates the transi- 
tions (represented by arrows labelled with the direction 
of travel of canriage 222 that produces the transition) 
through which printer 210 progresses to reach the vari- 
es ous operational phases A through H {represented by 
circles so labelled) corresponding, respectively, to 
FIGS. 2A through 2H. The capping position (A) of sled 
214 represents the start of the service mode of opera- 
tion of printer 210 to which sled 214 may be returned 
30 from the down position (F) that normally ends such 
service mode. Alternatively, when sled 214 is in the 
down position (F), sled 214 may repeatedly wipe the 
printheads by transitioning instead to the start-of-wipe 
position (C) and indefinitely repeating the transition 
35 through the start-of-wipe position (C). end-of-wipe posi- 
tion (D), disengage-wipe position (E) and down position 

(F) . as shown. 
In the event that printer 210 is in lockout position 

(G) , sled 214 may be moved to a service position by 
40 trarisitioning through an entering-from-lock-out position 

(H) by moving carriage 222 to the right as shown. First 
follower members 214b glide along leftwardly, down- 
wardly inclined regions of second cam surfaces 222a. 
222b to return sled 214 to the capping position (A). The 

45 left one of cam follower members 21 4b is made slightly 
wider than the right one, and the spaces immediately to 
the left and right of second cam surface 222a also are 
differently dimensioned, so that left cam follower mem- 
ber 214b cannot enter the space between second cam 
50 surfaces 222a. 222b during a transition from the enter- 
ing-from-lo*-out position (H) to the capping position 



(A). 

It Is frie full or partway extent of rightward carriage 
travel, as determined by the controller, that determines 
55 whether sled 21 4 transitions from the down pos'rtion (F) 
to the capping position (A) or to the start-of-wipe posi- 
tion (C). In other words, can'iage 222 is moved either a 
first amount after first follower member 214b hits end 
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stop 226 in order to place sled 214 in the capping posi- 
tion (A), or a second antount, less than the first amount, 
after first follower member 214b hits end stop 226. to 
place sled 21 4 in the start-of-wipe position (C). 

Carriage-mounted end stop 226 engages first fol- 
lower member 214b to urge sled 214 laterally relative to 
base 212 in response to rightward movement of car- 
riage 212 by the controiier. Thus, with sled 214 in the 
down position (F), in which carriage 222 freely may be 
reciprocated thereabove, and with such first amount of 
movement by caniage 222, end stop 226 stops first fol- 
lower member 214b thereby producing movement 
between first cam surface 214a and second follower 
member 212a sufficient to elevate sled 214 to the cap- 
ping position (A). Alternatively, with sled 214 in the down 
position (F) and with such second amount of movement, 
end stop 226 stops follower member 214b thereby pro- 
ducing movement between cam surface 214a and fol- 
lower member 2 1 2a sufficient only to elevate sled 2 1 4 to 
the start-of-wipe position (C). 

The method of the invention may now be under- 
stood, In view of the above description of an apparatus 
according to the invention. The method of uncapping 
and wiping an inl^et printer's printhead, wherein the 
printhead is part of a print cartridge that is fixedly 
mounted on a movable carnage of the printer, includes: 
(1) providing a sled-mounted wiper selectively engage- 
able wKh the printhead, e.g., wiper 218 mounted on sled 
214; (2) providing the sled with a cam surface, e.g., first 
cam surface 214a, for engaging a corresponding cam 
follower member, e.g., follower member 212a, mounted 
on the printer's chassis; (3) spring-mounting such sled 
on such chassis, e.g., by way of spring elements 224; 
(4) moving the carriage horizontally relative to such 
chassis, thereby producing vertical movement between 
the sled and the carriage by cam action to uncap the 
printhead and to position the wiper in a plane defined by 
the printhead, e.g.. controlling the movement of canriage 
222 to cause sled 214 and wiper 218 mounted thereon 
to leave the capping position (A) and to nrnve to the 
uncapped position (B); (5) next moving the cariage hor- 
izontally relative to the chassis, thereby producing hori- 
zontal nrovement of the sled parallel with such plane in 
such manner that the printhead is wiped by the wiper in 
a given direction defined by such relative movement, 
e.g., controlling the movement of can-iage 222 from the 
start-of-w9)e position (C) to the end-of-wipe position (D) 
to cause sled-nwunted wiper 218 to wipe the printhead 
in the illustrated left-to-right direction; (6) thereafter low- 
ering the sled to position the wiper below such plane, 
e.g., into the down position (F); and (7) next moving the 
carnage horizontally relative to the chassis to restore 
the printhead to a capping position. e.g., moving car- 
riage 222 fully to the right such that left follower menriber 
214b inpacts on end stop 226 to force sled 214 back 
into the capping position (A). Optionally, the method 
may include repeating the second moving step (step 5), 
as illustrated in FIG. 4 by moving through steps C, 0, E, 
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F, C, D, E, F. etc. 

While the above method is described as involving 
the uncapping, capping and optional recapping of a sin- 
gular printhead. In accordance with the apparatus 

5 according to the invention, the printer may have plural 
printheads and plural conesponding wipers and caps, 
whereby all printheads are uncapped, wiped and 
capped In accordance with the method of the invention. 
The method and apparatus according to the invention 

10 are compatible with printhead spitting, simultaneously 
with or closely proximate in time with, wiping. The 
method and apparatus according to the invention are 
compatible with printhead priming, performed in accord- 
ance with the above-referenced U.S. Patent Application 

IS Serial No. 07/949.318. 

The wiping and capping method and apparatus 
according to the invention enable automatic servicing of 
the Inkjet's printheads, providing uni-directional wiping 
of each printhead by a separate wiper to avoid print- 

20 head re-contamination or inter-printhead contamina- 
tion. Printhead capping, which greatly extends the life of 
an Inkjet printer, is done under constant force on. rather 
than under constant deflection of. the caps* sealing lips. 
Few. relatively simple parts are required and provide a 

25 relatively low-cost service station, while avoiding the 
cost of additional drive motors. This is made possible by 
gimbai-mounting the sled, on which the caps and wipers 
are nrwurrted. to the printer's chassis and by variously 
positioning the sled by dual cam action between the 

30 sled and the chassis, and between the sled and the car- 
riage. Controlled reciprocal, horizontal movement of the 
printer's canriage moves the sled through various posi- 
tions to uncap, wipe, (repeatedly, as needed) and recap 
the printheads. The wiping and capping method accord- 

35 ing to the invention require no operator intervention, 
take the printer off-line for only a brief time, and auto- 
matically restore the printer from the service mode to 
the printing mode of operation. 

FIG. 5 is an exploded perspective view of a service 

40 station 500 for use with an inlqet printer according to the 
invention, illustrating the assembly of the service station 
500. Various elements of service station 500 are 
described in detail in commonly owned, copending U.S. 
Patent Application Serial No. 08/056,327, entitled 

45 "Service Station for Inl^et Printer Having Reduced 
Noise, Increased Ease of /Assembly and Variable Wip- 
ing Capability," by Heinz H. Waschhauser et a!., filed on 
April 30, 1993. and US. Patent Application Serial IMo. 
08/055,616. entitled "Service Station for Inlqet Printer 

50 Having Inproved Wiping,'' by Heinz H. Waschhauser et 
al., filed on April 30. 1993. 

Springs 502 are mounted within a hole formed in 
printer chassis 501 . For clarity, only a portion of chassis 
501 is shown in FIG. 5. Sled 503 is mounted on springs 

ss 502 such that sled 503 is positioned partially within the 
hole formed in the chassis 501. Cam holder 504 is 
secured to chassis 501 over sled 503. pressing sled 503 
down so that springs 502 ar compr ssed. 
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As described above, a print carriage (not shown) Is 
carrvcoupled to sled 503. Additionally, cam holder 504 
(considered part of chassis 212 in the description of 
FIGS. 2A through 2H) is cam-coupled to sled 503. This 
dual cam-coupling operates as described above wHh 5 
respect to FIGS. 2A through 2H. 3 arvl 4 to move sled 

503 vertically and horizontally to one of three positions 
in response to movement of the print carriage. In the 
capping position, sled 503 is moved laterally as far as 
possible to the right and out of the plane of FIG. 5, so 
that sled 503 is raised to a highest position. In the p^in^ 
ing position, when the print carriage is free to move 
without contacting any part of sled 503, sled 503 is 
moved laterally as far as possible to the left and into the 
plane of FIG. 5. so that sled 503 is lowered to a lowest 
position. In the wiping position, sled 503 is positioned 
between the capping and printing positions, both later- 
ally and vertically. 

Each of springs 502 is made of a material and 
shaped so that springs 502 have a desired spring con- 
stant such that sled 503 is biased against cam holder 

504 by a force of a desired magnitude and such that, 
during operation of the printer, the vibrations of sled 503 
are maintained below a desired magnitude. Illustratively, 
springs 502 are made of a metal such as steel. Illustra- 
tively, springs 502 are made so that the spring constant 
of springs 502 yields approximately 0.4 pounds of force 
(1.8 N) when springs 502 are compressed in the cap- 
ping position. Generally, the force imparted by springs 
502 is of a magnitude sufficient to ensure that sled 503 
is held securely in place while in any of the three sled 
positions: capping position, printing position and wiping 
position. 

Spittoon sold is formed in chassis 501. As 
explained in more detail below, some or all of the print 
cartridges can be spitted at various times to clear con- 
taminants from the nozzles of the printhead or to wet the 
surface of tiie printhead prior to wiping. When a print 
cartridge is spitted, the print cartridge is positioned over 
spittoon 501 d so that the ink dispensed from the print 
cartridge collects in spittoon 501 d. 

FIG. 6 is a perspective view of one of springs 502. 
Each of springs 502 is a wire spring including two sub- 
stantially parallel V-shaped sections 502a connected at 
the end of one leg of each of V-shaped sections 502a by 
connecting section 502b. The nominal angle between 
the legs of each of V-shaped sections 502a Is 36"*. The 
end of the other leg of each of the V-shaped sections 
502a is formed into looped section 502c. 

Returning to FIG. 5, each of springs 502 is mounted 
within the hole in chassis 501 by fitting looped sections 
502c formed on opposing ends of each spring 502 
around corresponding protrusions 501c (only two of four 
are shown in FIG, 5) formed on opposing walls of the 
hole in printer chassis 501 . Each spring 502 is oriented 
so that the leg of each V*shaped section 502a con- 
nected t connecting section 502b is above correspond- 
ing looped section 502c. Sled 503 is then mounted on 



springs 502 by fitting the connecting section 502b of 
each ^ring 502 into a con^esponding slot (not visible in 
FIG. 5) formed in the bottom of sled 503. 

FIG. 7A is a perspectiv view of sled 503 of service 
station 500 of FIG. 5. As described above, connecting 
sections 502b of springs 502 are fitted into slots 503a 
(not shown in FIG. 5). Sled 503 Includes sled cam sur- 
faces 503b. Sled cam surfaces 503b correspond to cam 
surfaces 214a of FIG. 3. Sled 503 also includes sled 
cam follower extensions 503c. Sled cam follower exten- 
sions 503c correspond to first cam follower members 
214b of FIG. 3. 

FIG. 7B is an exploded perspective view of sled 503 
illustrating the assembly of sled 503. Sled 503 includes 
sled body 701, cap structure 702, wiper structure 703 
and filters 704. Gap structure 702 includes four caps 
702a connected by cap connecting bar 702b to form an 
Integral structure. Wiper structure 703 includes four wip- 
ers 703a. When cap structure 702 and wiper structure 
703 are nx)unted on sled body 701 , a row of caps 702a 
and wipers 703a Is formed, caps 702a euid wipers 703a 
located in alternating positions. 

Cap structure 702 is made of. for instance, rubber. 
In one embodiment, cap structure 702 is EPDM rubber 
having a hardness between durometer 40-66 Shore A 
with a tolerance of 5 Shore. Other materials could be 
used, e.g., rubber-like plastics such as polyurethane. 
kraton or terathana 

Bumper 702c is formed at one end of cap structure 
702. attached to each of two projecting arms 702d 
extending from the remainder of cap structure 702. Pro- 
jecting arms 702d fit into recesses 701c formed in sled 
body 701 so that bumper 702c projects from one end of 
sled body 701. Bumper 702c includes two bumps, each 
txjmp having a triangular cross-section. Other numbers 
of bumps can be used and tiie bunps can have other 
aoss-sectional shapes, such as circular. Typically, 
bumper 702c and projecting arms 702d are Integral with 
tiie remainder of cap structure 702. Consequently, 
bumper 702c is typically made of the same material as 
the remainder of cap stmcture 702. Other sufficiently 
deformable material can be used. 

Bumper 702c helps reduce the noise associated 
with operation of service station 500. When sled 503 
moves to the printing position, sled 503 strikes chassis 
501 . The presence of bumper 702c cushions the impact 
of sled 503 against chassis 501. thereby reducing the 
noise produced by the impact. 

Additionally, as seen in FIG. 5. cam hokler 504 is 
formed witfi slots 504b on each side of cam holder 504 
near cam holder cam follower extensions 504c (corre- 
sponding to second cam follower members 21 2a of FIG. 
3). When sled 503 is moved to the wiping position, sled 
cam surfaces 503b strike the cam hokler cam follower 
extensions 504c thereby generating noise. The pres- 
ence of slots 504b imparts more flexibility to the 
extended sections 504d of cam holder 504 from which 
cam holder cam follower extensions 504c extend. Thus, 
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upon impact of sled cam surtac s 503b with cam holder 
cam follower extensions 504c. extended sections 504d 
bend slightly. absorfc}ing some of the impact force and 
reducing the noise generated by the impact 

Returning to FIG. 7B, one of filters 704 is placed in 
a cavity formed below each cap mount 70 1 a. Filters 704 
are retained in the cavity by the walls of the cavity and 
the con'esponding cap 702a. Filters 704 absorb ink dur- 
ing prinrnng of the print cartridges so that the tubing to 
the primer does not become clogged with ink. 

FIG. 8 is an exploded perspective view of wiper 
structure 703. Wiper structure 703 includes wiper frame 
801 and wiper mount 802. Wiper frame 801 is made of. 
for instance, a plastic such as polycarbonate. Wiper 
structure 802 is made of. for instance, a nnetal such as 
stainless steel. 

A plurality of holes 803 are formed along each side 
of wiper mount 802 (only hdes 803 on one side of wiper 
structure 803 are visible in FIG. 8). Corresponding 
mounting pins 804 are formed on the underside of wiper 
frame 801. When wiper structure 703 is assembled, 
holes 803 of wiper mount 802 fit over mounting pins 804 
of wiper frame 801 , so that wiper mount 802 is property 
aligned with respect to wiper frame 801 . 

Proximal to each of holes 803 on wiper mount 802 
is a clip 805. Each clip 805 includes a tongue formed 
within a recess. Corresponding shelves 806 are formed 
on the sides of wiper frame 801 . When wiper structure 
703 is assembled, the tongue of each dip 805 fits over 
the edge of corresponding shelf 806 so that wiper 
mount 802 is heM in place with respect to wqper frame 
801. 

Wiper frame 801 includes connecting bars 813a 
and connecting bar 81 3b that, along with connecting bar 
703d. discussed in more detail below, connect opposite 
sides of wiper frame 801. Connecting bars 813a and 
81 3b are shaped to provide adequate structural integrity 
of wiper frame 801 . and to provide a stop for wiper 
mount section 809a (see FIGS. 9A and 9B below) of 
each cross member 809 when wipers 703a are 
deflected during wiping. Connecting bar 703d is also 
shaped to provide adequate structural Integrity and to 
restrain wiper structure 703 in a direction parallel to the 
surface of sled body 701 on which wiper structure 703 is 
mounted. 

Wiper mount 802 further indudes a plurality of leaf 
springs 807 formed integrally with the remainder of 
wiper mount 802 along each side of wiper mount 802. 
Each of leaf springs 807 extends from a iocatton proxi- 
mal to one of holes 803. and is bent so that, when wiper 
structure 703 is assembled, leaf springs 807 extend in a 
direction toward a corresponding one of retainers 808 
formed on wiper frame 801 . 

FIGS. 9A and 98 are detailed perspective views of 
a portion of wiper mount 801 . FIG. 9C is a cross-sec- 
tional view of a portion of wiper mount 801. Each of a 
plurality of cross memb rs 809 connects a pair of leaf 
springs 807 formed on opposite sides of wiper mount 
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802. Each of cross members 809 includes a centrally 
formed wiper mount section 809a that is connected on 
either sid to a con'esponding leaf spring 807 by one of 
connecting sectfons 809b. On of wipers 703a is 

5 formed on wiper mount section 809a of each aoss 
member 809. 

FIG. 10 is a simplified cross-sectional view of wiper 
blade 810 wiping across printhead 1001a of print car- 
trklge 1001. Wiper structure 703 is formed such that 

10 each wiper blade 81 0 has a mper blade angle of attack 
1002 of approximately 75'' or more. The exact wiper 
blade angle of attack 1 002 is defined by the slope of sur- 
face 1004 of wiper blade 810. the angular orientation of 
wiper blade 810 with respect to printhead 1001a In the 

IS direction shown by rotational an'ow 1 005. and the bend- 
ing of wiper blade 810. 

As described in more detail below, wipers 703a are 
made of a relatively stiff material so that wiper blades 
810 of wipers 703a bend little during wiping. Thus, the 

20 bending of wipers 810 contributes negligibly to wiper 
blade angle of attack 1 002. 

When wq^er 703a is not wiping, the angular orienta- 
tion of wiper blade 810 is defined by the geometry of 
leaf springs 807 and the positioning of retainers 808 

26 (FIG. 8) with respect to leaf spring cushions 811 
(described below in more detail). When wiper 703a is 
not wiping, wiper blade angle of attack 1002 is some- 
what greater than 75*". 

Given the positioning tolerances associated with 

30 the manufecture of a printer Including wiper structure 
703, a nominal amount of interference between wiper 
blade 810 and print cartridge 1001 is specified in order 
to ensure that wiper blade 810 contacts printhead 
1001a during wiping. Thus, when wiping begins, wiper 

35 703a contacts print cartridge 1001 and is forced under- 
neath print cartridge 1001 (down in FIG. 10) so that 
wiper blade 810 rotates in the direction of rotational 
an'ow 1005, thereby decreasing wiper blade angle of 
attack 1002 by a small amount. The slope of surface 

40 1 004. the geometry of leaf springs 807 and the position- 
ing of retainers 808 with respect to leaf spring cushions 
811, i.e., the wiper blade angle of attack 1002 when 
wiper 703a is not wiping, are specified so that the wiper 
blade angle of attack 1002 remains greater than or 

45 equal to 75*" during wiping. 

Leaf springs 807 bias wipers 703a toward the print 
cartridges 1001 . As noted above, because of the inter- 
ference between wiper blades 810 and corresponding 
print cartrkiges 1001, wiper blades 810 collide with the 

50 side of print cartridges 1001 at the beginning of wiping. 
Since wiper blades 81 0 are stiff, without the presence of 
leaf springs 807. large forces would build up between 
wiper t)lades 810 and the corresponding print cartridges 
1001 , resulting in movement of one or more of the print 

55 cartrklges 1 001 from the print carriage or stalling of the 
motor that drives the print carriage. However, flexible 
leaf springs 807 allow wiper blades 810 to be pushed 
down to pass over the printhead 1001a during wiping. 
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Further, the spring force from leaf springs 807 maintains 
good contact between wiper blades 810 and printheads 
1001a. 

Molding wip r blades, e.g.. wiper blades 810. onto 
a spring structure, e.g.. wiper mount 802 including leaf 
springs 807. enables the material properties of the 
wiper blades to be decoupled from the wiping force and 
wiper blade angle of attack associated with the wiper 
blades. Deflection of the spring structure allows a stiff 
material to be used for the wiper blades so that the 
wiper blades will deflect only a negligible amount during 
wiping. Consequently, the wiping force and the wiper 
blade angle of attack can be made independent of the 
particular wiper material. 

FIG. 1 1 is a graph illustrating wiping force F as a 
functbn of linear def lectk)n D of leaf springs 807 from a 
"rest" position. As explained in more detail below, the 
wiping force associated with a black ink printhead is 
greater than the wiping force associated with color ink 
printheads. However, though the force magnitudes may 
differ, the relationship illustrated in FIG. 1 1 holds for 
each leaf spring 807 in wiping structure 703. 

The deflection D of each leaf spring 807 is zero 
when leaf spring cushions 811 of leaf spring 807 rest 
against retainers 808, i.e., when leaf springs 807 are in 
the rest position, as described in more detail below. 
However, as also described below, each of leaf springs 
807 is prek>aded so that a non-zero wising force Fq is 
exerted when deflection D is zero. Since wiper structure 
703 and print cartridges 1001 are assembled to ensure 
that leaf springs 807 are deflected from the rest posi- 
tion, this preload represents a minimum wiping force. 

As shown in FIG. 1 1 , leaf springs 807 exhibit a lin- 
ear relationship between deflection and face. The 
actual wiping force that each wiper blade 810 applies 
against printhead 1001a is dependent on the preload 
(force Fq) of the particular wiper blade 810, the amount 
(deflection D) by which the particular wiper l^ade 810 is 
deflected from the rest position (i.e., non-wiping posi- 
tk)n) of wiper blade 810, and the spring constant (sk>pe 
of the force/deflection line) of the particular leaf spring 
807. Print cartridges 1001 and corresponding wiper 
blades 810 are assembled to yield a nominal deflection 
of each leaf spring 807 and. thus, a nominal wip- 
ing force Fp^ of wiper blades 810 against the corre- 
sponding print cartridges 1001 . 

Variations In the height of sled 701 (FIG. 7B) with 
respect to printheads 1001a can result in differences in 
deflection of wiper blades 810 from the nominal deflec- 
tion Onorp. If the spring constant of leaf springs 807 is 
made large enough to ensure adequate wiping force for 
possible deflections D less than the nominal deflection 
Dnom* the wiping force F may be too large for possible 
deflections D that are larger than the nominal deflection 
Dnom- However, if the spring constant of leaf springs 
807 is made small enough to acceptably minimize the 
variations in wiping force F for the possible variations in 
deflection D from the nominal deflection O^ofn, a mini- 



mum necessary wiping force F may not be maintained. 

According to the invention, the springs 807 are 
preloaded with a minimum wiping force Fq of a magni- 
tude such that leaf springs 807 can have a low spring 

5 constant and still provide wiping force F of sufficient 
magnitude to enable effective wiping of the print car- 
tridge printheads 1001a. Further, since leaf springs 807 
have a low spring constant, wiping force on individual 
printheads 1001a varies little despite differences in 

10 deflection of wiper blades 810 that can result from, for 
instance, tolerances associated with the assembly of 
print cartridges 1001 with respect to sled 701. Accord- 
ing to one embodiment of the invention, the spring con- 
stant of each of leaf brings 807 is chosen such that the 

IS maximum wiping force F^ax &t ^8 maximum possible 
deflection Dmax ^ leaf spring 807 is less than or equal 
to 40% greater than the minimum wiping force Fq (i.e., 
preload) when leaf spring 807 is In the rest position. 
Though other nurrtoers of print cartridges and other 

20 ink colors can be used, in the description above, four 
print cartridges are used, each print cartridge contain- 
ing one of fbur ink colors: blacK cyan, magenta and yel- 
low. In contrast to the dye used in color Inks, e.g., cyan, 
magenta, yellow, black ink is formed with pigment. 

25 Since pigment does not dissolve as dyes do, the noz- 
zles of black ink print cartridges are more susceptible to 
ink crusting than the nozzles of color print cartridges. 
Consequently, it is desirable that the wiper used to wipe 
the black ink print cartridge printhead be more robust 

30 than the wipers used to wipe color ink cartridge print- 
heads. 

Therefore, in one emtxxliment of the invention, leaf 
springs 807a associated with wiper blade 810 that 
wipes a black ink printhead are made with a spring con- 

35 stant that is greater than the spring constant of leaf 
springs 807 that are associated with other wiper blades 
810, i.e., leaf springs 807a are stiffer than the other leaf 
springs 807. In order to provide more robust wiping of 
the black ink printhead. This can be done by, for 

40 instance, making leaf springs 807a wider than the 
remainder of leaf springs 807. as shown in FIG. 8. This 
can also be done by making leaf springs 807a thicker or 
shorter than the remainder of leaf springs 807, In one 
embodiment of the invention, leaf springs 807a are 

45 made approximately twice as wide as other leaf springs 
807. In yet another enixxliment, leaf springs 807 have 
a spring constant of approximately 18 grams force/mm. 
while leaf spring 807a has a spring constant of approxi- 
mately 34 grams force/mm. 

so Alternatively, greater vn'ping force on a black ink 
printhead can be obtained by making the preload of 
wiper blade 810 associated with the black ink printhead 
greater than the preload on other wiper blades 810 and 
using the same leaf springs 807 for each wiper blade 

55 810. 

Illustratively, in one emtxxliment of the Invention, for 
color ink printheads, the minimum wiping force Fq 
(preload) is 80 grams force, the nominal deflection Dnom 
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is 1.0 mm and nominal wiping force is 98 grams 
force, and the maximum deflection D^ax approxi- 
mately 3.0 mm and maximum wiping force Fmax 
grams fore . Illustrativefy, for black ink printheads, the 
minimum wiping force Fq (preload) is 150 grams force, 5 
the nominal deflection Dpom >s 1 -0 mm eind nominal wip- 
ing force Fpo^ is 184 grams force, and the maximum 
deflection Dpiax >s 3 0 mm and maximum wiping force 
Fmax is 252 grams force. 

it is to be understood that, in lieu of the above- 
described arrangement of print cartridge colors, other 
arrangements of the ink colors could be used and that 
other numbers of print cartridges (thus necessitating 
another number of wipers) coub also be used. In that 
case, whichever wiper con^esponds to the black ink car- 
tridge (or any other cartridge that requires strong wip- 
ing) has leaf springs with a higher spring constant 
and/or hi^er preload so that the black ink printhead 
wiper has a higher printhead contact force than the 
other wipers. However, while desirable, it is not neces- 
sary according to the Invention that the black ink wiper 
be constructed to have a stronger wiping force. 

in addition to increasing the wiping force of wiper 
810 on the black printhead, the black ink print cartridge 
can also be spitted to aid in wiping. FIG. 12 is a flow 
chart of a method 1200 according to the invention for 
wiping printheads of a plurality of print cartrkiges. FIGS. 
13A through 13D are simplified cross-sectional views 
showing various positions of the print cartridges with 
reject to the wipers, cappers and spittoon at various 
times during the method illustrated in FIG. 12. 

In step 1201. the printhead of each print cartridge 
1301a. 1301b. 1301c. I30ld (Figures 13A through 13D) 
is capped, t.e., the printhead is enclosed by one of caps 

1302, as shown in FIG. 13A. For purposes of the follow- 
ing description, print cartridge 1301d dispenses a black 
pigmented ink and print cartridges 1301a, 1301b, 1301c 
dispense colored dye inks. However, it is to be under- 
stood that the below-described method according to the 
Invention is broad enough to encompass other arrange- 
ments of pigmented and dye inks. 

In step 1202. the printheads are wiped by wipers 

1303, as shown in FIG. 13B. The print carriage (not 
shown) in which print cartridges 1301a, 1301b, 1301c, 
I30ld are positioned moves in the direction of the arrow 
1305 causing tiie print carriage to move upward so that 
print cartridges 1301a, 1301b, 1301c, 1301d move 
above caps 1 302 to contact the edge of wipers 1 303, as 
described in more detail above. 

The print carriage continues to move in the direc- 
tion of arrow 1305 until black ink print cartridge 1301dis 
above spittoon 1304, as shown In FIG. 13C. During this 
movement, after print cartridge 1301d has been wiped, 
the print carnage moves upward again, moving print 
cartridges 1301a, 1301b. 1301c, 1 30 1d above the level 
of wipers 1303, as described in nnore detail above. 
When print cartridge 1301d Is above spittoon 1304. the 
print carnage stops. 



In step 1203. black ink print cartridge 1301d is spit- 
ted, i.e., ink drops are ejected from the nozzles of print 
carti'idge 1301d. According to one embodiment of the 
invention, a plurality of ink drops are ejected from each 
printhead nozzle at each of a number of frequencies. 
Use of a range of firing frequencies promotes wetting of 
ink on the printhead surface to be wiped. In one embod- 
iment, a multiplicity of drops of ink are fired from each 
nozzle at each 500 Hz increment in a range of frequen- 
cies (drops per second) between 3.5 kHz and 5 kHz 
Inclusive. In one enf\bodiment. from 5 to 20 drops are 
fired from each nozzle at each frequency, and, in a par- 
ticular embodiment, 15 drops are fired from each nozzle 
at each frequency. After black ink print cartridge 1301d 
is spitted, tiie print can'iage begins to move in the direc- 
tion of arrow 1306 (FIG. 13D) back to the capped posi- 
tion (FIG. 13A). When moving In tills direction, the print 
carriage does not move downward, so that print car- 
tridges 1301a, 1301b. 1301c, 1301d remain above wip- 
ers 1303 and are not wiped. In step 1204. the 
printheads are again capped by caps 1302. 

In step 1205. tiie print carriage moves again In tiie 
direction of arrow 1305 (FIG. 13B) and the printheads 
are wiped by wipers 1303. The ink that wets the print- 
head of black ink print cartridge 130 Id is wiped by one 
of wipers 1303 aaoss tiie printiiead. ading in remowd 
of contaminants from the printhead. The print caniage 
continues on to tiie spitting position shown in FIG. 1 3C. 

As shewn by step 1206. at this point, a determina- 
tion is made as to whether the end of printing has 
occurred. If printing has ended, then the print carriage 
returns to the position shown in FIG. 13A and the print- 
heads are capped, as shown in step 1209 of FIG. 12. 

If printing has not ended, each of print carti^kiges 
1301a, 1301b, 1301c. 1301d is spit, as shown by step 
1207. Unlike tiie spitting of step 1203, in Vne spitting of 
step 1207, print carti'idges 1301a, 1301b, 1301c. 1301d 
are spit at a single frequency which is, in one embodi- 
ment, 2 kHz. After spitting at step 1207, printing begins. 

In step 1208, a determination is made as to 
whether the printer is printing In batch nfKxIe or single 
page mode. Herein, "batch mode" is defined as a nfKxle 
in which tiie printer is instructed to print more than one 
page at a time, a page being defined as part of the 
printer cont'd mechanism and typically consisting of a 
specified number of print lines. 

If tiie printer is printing in batch mode, ttien, as 
shown in step 1220. the printer begins printing, in step 
1221, a determination is made as to whether printing 
has been finished, i.e., whetiier all pages in the batch 
have been printed. If so, then the print carriage is moved 
to the capped position (FIG, 13A), as shown in step 
1 223. If not. then a determination is made as to whether 
tiie printer has been printing for greater than a first 
specified time, as shown by step 1222. 

Step 1222 determines whether a maintenance spit 
is necessary, a maintenance spit being necessary if 
more ttian the first specified time has elapsed since tiie 
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last spit and wipe (steps 1202 through 1205), or since 
the last maintenance spit (st^ 1222). During a mainte- 
nance spit, a muitipticity of ink drops ar spit from each 
of the print cartridges at a single frequency which is, in 
one embodiment. 2 kHz. The first spedfted time can be 
of any magnitude and is. In one embodiment. 12 sec- 
onds. 

If a maintenance spit is necessary, then each of the 
print cartrkiges are spit, as irKilcated in step 1207. If a 
maintenance spit is not necessary, then, in step 1224. a 
determination is made as to whether the end of a page 
has been reached, if the end of a page has not been 
reached, then printing continues (step 1220). 

If the end of a page has been reached, then a deter- 
mination is made as to whether the printer has been 
printing for greater than a second specified time. The 
second specified time is measured from the last spit and 
wipe (steps 1202 through 1205) and is, in one embodi- 
ment, 42 seconds. If printing has not been occurring for 
longer than the second specified time, then printing con- 
tinues (step 1220). If printing has been occurring for 
longer than the second specified time, then the print 
carriage is moved to the capped position (FIG. 13C), as 
shown in step 1223, and a spit and wipe is performed, 
as shown in steps 1202 through 1205. 

If the printer Is not printing in batch mode (step 
1208), then, as shown in step 1210. printing begins. 
However, rather than printing multiple pages in a speci- 
fied batch, only one page is printed. In st^ 1211, a 
determination is made as to whether the printer has 
been printing for greater than a first specified time. As in 
step 1222 above, step 1211 determines whether a 
maintenance spit is necessary. If a maintenance spit is 
necessary, then each of the print cartridges are spit, as 
Indicated in step 1207. If a maintenance spit is not nec- 
essary, then, In step 1212, a determination is made as 
to whether the end of a page has been reached. If the 
end of a page has not been reached, then printing con- 
tinues (step 1220). If the end of a page has been 
reached, then the print cartridges are retumed to the 
capped position 1213 (FIG. 13A), as shown in step 
1213. 

Once the print carriage returns to the capped posi* 
tion in either step 1213 or step 1223. the previously 
described sequence of wiping, spitting, capping, wiping 
and spitting is repeated. Printing, interrupted by periodic 
spitting and wiping, continues until the printer Is 
instructed to stop. 

Generally, according to the invention, printheads of 
different print cartridges can be wiped differently, e.g.. 
wiped with different wiping force, using any of the tech- 
niques descrik>ed above. Further, one or more print car- 
tridges can be spitted, as described above, before 
wiping If desired. In particular, print cartridges that dis- 
pense a pigmented ink, such as black pigmented ink. 
benefit from use of the above-described techniques for 
differential wiping of printheads and siiritting of print car- 
tridges before wiping. 



r6 287B1 24 

As shown in FIGS. 9A and 9B, each connecting 
section 809b includes a centrally formed elongated 
hole. This hole is formed so that each connecting sec- 
tion 809b can twist more f r ely than woukJ otherwise be 

5 the case. This twisting allows wiper 703a to twist during 
wiping, without changing wiper blade angle of attack 
1002. so that wiper blade 810 makes good contact with 
printhead 1001a despite misalignment of wiper 703a 
with printhead 1001a 

10 Wiper mount section 809a includes a central sec- 
tion 909a. two extending portions 90% and a pair of 
flanges 909c extending downwardly (i.e., away from the 
printhead) from central section 909a. An elongated hole 
is formed through central section 909a and a circular 

75 alignment hole is formed through each of extending por- 
tions 909b. These holes in wiper mount section 809a 
allow wiper 703a to be insert molded into wiper mount 
section 809a. so that portions of wiper 703a extend 
through and Interlock with the holes, thus holding wiper 

20 703a in place. Ranges 909c add stiffness to wiper 
mount section 809a In the direction of wiping so that 
wiper blade 810 of wiper 703a is not easily deflected 
away from printhead 1001a (FIG. 10) during wiping, 
resulting in good contact (and, thus, good wiping) 

25 between wiper blade 810 and printhead 1001a during 
wiping. Flanges 909c. with connecting bars 813a and 
703d. also define the maximum possltDle deflection of 
wiper blades 810, as described in more detail above. 
Each of wipers 703a includes wiper blade 810 and 

30 two wiper blocks 812. Wiper blocks 812 rest on print- 
head 1001a while wiping is not occurring. The surface 
of wiper blade 810 that contacts printhead 1001a is 
nominally approximately 1 mm above, i.e., in a direction 
toward printhead 1001a, wiper blocks 812, resulting in 

35 approximatety 1 am of interference between wiper 
blade 810 and print cartridge 1001. Generally, wiper 
blocks 81 2 and wiper blade 81 0 can be formed so as to 
achieve any desired interference between wiper blade 
810 and print cartridge 1001. 

40 According to the invention, wipers 703a are made 
of an injection nf)oIdable nfiaterial. For example, wipers 
703a can be made of an Injection mokiable polymer 
such as an olefin polymers or a polyolefin alloys. In one 
embodiment, wipers 703a are made of a blend of poly- 

45 propylene and polyethylene. If an injection motdabie 
polymer is used, in a preferred embodiment, wipers 
703a are made of a blend of polypropylene and polyeth- 
ylene that is available from Ferro Co. of Evansvilte, IN as 
part no. NPP00NP01NA. 

so Alternatively, wipers 703a can be made of an engi- 
neering thermoplastic elastomer (ETE). In one embodi- 
ment, wipers 703a are nrtade of du Font's Hytrel 4556. 

Use of the above materials yields a wiper that 
wears well when used with the structure according to 

55 the invention for wiping printheads of an Inkjet printer. In 
particular, wiper blades made of the ak>ove materials do 
not wear as much as wiper blades made of rubber. 
Additionally, injection molding wipers 703a onto cross 
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member 809 is a simple and Inexpensiv method for 
producing wipers 703a. 

A plurality of leaf spring cushions 811 are insert 
molded Into con-esponding holes formed in wiper mount 
802 at each juncture between one of leaf springs 807 s 
and one of cross members 809. Each of leaf spring 
cushions 81 1 contact a corresponding one of retainers 
808 on wiper frame 801 . Leaf springs 807 are preloaded 
such that leaf spring cushions 811 are held against 
retainer 808 while wiper blades 810 are not In contact 
with a printhead, i.e.. not wiping. Illustratively, the leaf 
springs 807 corresponding to wipers 703a that do not 
wipe a printhead used to print black ink are preloaded 
with a force of 80 grams force. The leaf spring 807 cor- 
responding to wiper 703a that wipes a printhead used to 
print black ink is preloaded vwth a force of 150 grams 
force. The leaf spring 807 associated with the black ink 
printhead is preloaded by a greater amount for reasons 
explained more fully below. 

Leaf spring cushions 81 1 reduce the noise that 
would otherwise result from contact between the metal 
wiper mount 802 and plastic retainers 808. In one 
embodiment, leaf spring cushions 81 1 are made of the 
same material as wipers 703a, e.g.. a polyolefin alloy. 
Generally, leaf spring cushions 81 1 are made of any 
material that achieves the above-described objectives. 

As seen in FIG. 8, wiper mount 802 includes con- 
necting strips 81 4 formed between adjacent leaf springs 
807 along each skle of wiper mount 802. Generally, 
connecting strips 814 between leaf springs 807 are sub- 
stantially parallel to the plane of the printhead suriaces 
{see FIG. IC in combination with FIG. 8). However, 
each connecting strip 814a between a leaf spring 807a 
associated with the black ink printhead and the immedi- 
ately adjacent leaf spring 807 is formed substantially 
perpendicular to the plane of the printhead surfaces. 
This occurs because the leaf springs 807a are made 
wider, as described in more detail below, than the 
remainder of the leaf springs 807. Consequently, con- 
necting strip 81 4 between each leaf spring 807a and the 
conresponding adjacent leaf spring 807 must be formed 
as described so that the overall width of w^er mount 
802 is not made unnecessarily large. 

Returning to FIG. 7B, the assembly of sled 503 is 
described. Filters 704 are placed within each of the cav- 
ities formed below a conresponding cap mount 701a. 

Caps 702a of cap structure 702 are stretched 
slightly and fitted over conresponding cap mounts 701a 
formed on a first surface 701b of sled body 701. Cap 
connecting bar 702b fits into a mating recess 701 g 
formed in sled body 701. Cap structure 702 is heki in 
place by the friction fit between each cap 702a and cap 
mount 701a. 

Wiping structure 703 is mounted on first surfoce 
701b of sled body 701 so that wiping structure 703 can 
be easily detached from sled body 701 . as described In 
detail below. 

Sled body 701 includes two extensions (not visible 



in FIG. 7B) that extend from a second surface of sled 
body 701 opposite first surface 701b on which wiper 
structur 703 is mounted. The extensions are formed 
proximal to aflrst end of sled body 701. Sled txxSy 701 
also includes two holes 701d formed proximal to a sec- 
ond end of sled body 701 that is opposite the first end of 
sled body 701. 

Two snap arms 703b extend from a surface of wiper 
frame 801 and are proximal to a first end of wiper frame 
801 . Wiper structure 703 is portioned on sled body 701 
so that snap arms 703b extend past the first end of sled 
body 701 to snap fit around the con*esponding exten- 
sions extending from the second surface of sted body 
701, thereby retaining wiper frame 801 to sled body 
701. 

Retention legs 703c extend from the surface of 
wiper frame 801 and are proximal to a second end of 
wiper frame 801 opposite the first end of wiper frame 
801 . Retention tegs 703c extend through con-esponding 
holes 701d in sled body 701 . A foot is formed at the end 
of each of retention tegs 703c. the foot contacting the 
second surface of sled body 701 to prevent retention 
legs 703c from being pulled out of holes 70ld. 

Wiper structure 703 is assembled to sled body as 
follows. Retention legs 703c of wiper frame 801 are fit 
through holes 701d of sled body 701 . Wiper frame 801 
is pivoted and moved so that the foot of each retention 
leg 703c extends under sled body 701 to contact the 
second surface of sled body 701 and so that each reten- 
tion leg 703c contacts a surface of the corresponding 
hole 70 1d. Wiper frame 801 is then pivoted toward sled 
body 701 so that snap arms 703b extend past the first 
end of sled body 701 . Wiper frame 801 is pivoted until 
snap arms 703b snap into place around the extensions 
of sled body 701 . Mounting pins 804 (not visible in FIQ. 
7B, see FIG. 8) on the bottom of wiper structure 703 fit 
through corresponding holes 701 e in sled body 701 . 

Wiper frame 801 is held in place, in a direction per- 
pendicular to the first and second suriiaces of sled body 
701 , by contact between snap arms 703b and the con-e- 
sponding extensions, and by contact between tiie feet 
of retention legs 703c and the second surface of sled 
body 701. Wiper frame 801 is held in place, in a direc- 
tion parallel to the first and second surfaces of sled body 
701. by contact between connecting bar 703d of wiper 
structure 703 and protrusion 701f formed on sled body 
701 adjacent recesses 701c, and by contact between 
retention legs 703c of wiper structure 703 and a surface 
within holes 701d of sled body 701 . 

Since wiping structure 703 can be easily assem- 
bled to and removed from sled body 701 . as described 
above, wiping structure 703 according to the invention 
can be easily removed and replaced by a user without 
need to use tools. Thus, wiping structure 703 can be 
replaced (when, for instance, wiper blades 801 wear 
out) without n ed to replace any other parts of service 
station 500. 

Returning to FIG. 5. after assembly of sled 503. and 
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mounting of sled 503 on wrings 502. cam holder 504 is 
mounted over sled 503. Cam holder 504 is titted and 
legs 504e. formed on either side of cam holder 504, are 
fitted into corresponding holes (not shown) formed in a 
side wall 501a of chassis 501 . The opposite end of cam 
holder 504 is then lowered into contact with sled 503. 
Cam holder 504 is thereby held in place, since cam 
holder 504 cannot rotate about a contact point between 
legs 504e and con^esponding holes, due to the contact 
between the screws and corresporKling walls 501b. 

While the present invention has been described 
with reference to the foregoing operational principles 
and embodiments, it wilt be apparent to those skilled in 
the art that other changes in form and detail may be 
made therein without departing from the spirit and 
scope of the invention as defined in the appended 
claims. 

Ctaffns 

1 . Wiping structure for use with a service station (500) 
of a printer (100), the wiping structure adapted to 
be mounted on. or attached to. a sied body (701) of 
the service station (500). the wq^ing structure com- 
prising: 

at least one wiper (703 a); 

a wiper mount (802) on which the wiper (703 a) 

is supported; and 

a wiper frame (801). the wiper mount (802) 
being mounted on, or attached to. the wiper 
frame (802), 

2. Wiping structure as in Claim 1. wherein the wiper 
mount (802) further comprises spring means (807) 
on which the wiper (703a) is supported 

3. Wiping structure as in Claim 1 or 2, wherein the 
wiper (703a) further comprises a wiper t)lade (810) 
that is injection molded on to the wiper mount (802). 

4. Wiping structure as in one of Claims 1 to 3. wherein 
the wiper frame (801) comprises means for detach- 
ably mounting or attaching the wiper frame (801) to 
the sled body (701 ). said means further comprising: 

first and second snap arms (703b) extending 
from a surface of the wiper frame (801) and 
proximal to a first end of the wiper frame (801); 
and 

first and second retention legs {703c) extend- 
ing from the surface of the wiper frame (801) 
and proximal to a second end of the wiper 
frame (801) opposite the first ends a foot being 
formed at the end of each of the first and sec- 
ond retention legs (703c). 

5. Wiping structur as In one of Claims 2 through 4. 
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wherein the spring means further comprises: 

a f ffst leaf spring (807); 

a second leaf spring (807); and 

s a cross member (809) connecting the first and 

second leaf springs (807). the cross member 
(809) supporting the wiper (703 a) and being 
formed such that during wiping of a printhead 
of a print cartridge. (105 a) by the Wiper (703 a) 

10 the cross member (809) deforms so as to main- 

tain a wiper blade (810) of the wiper (703 a) in 
contact with the printhead along siAjstantially 
an entire length of the wiper blade (810). 

75 6. Wiping structure as in Claim 5. wherein the cross 
member (809) further comprises: 

a wiper mount section (809a) on which the 
wiper blade (810) is supported; and 

so first and second connecting sections (809b). 

each connecting section (809b) located 
between the wiper mount section (809a) and a 
corresponding one of the leaf springs (807), 
material being selectively removed from each 

25 of the connecting sections (809b) so as to 

achieve desired spring characteristics of the 
cross member (809) that maintain the wiper 
blade (810) in contact with the printhead along 
substantially the entire length of the wiper 

30 blade (81 0) during wiping. 

7. Wiping structure as in one of the Claims 2 through 
4, wherein the spring means further comprises: 

35 a first leaf spring (807); 

a second leaf spring (807); and 
a cross member (809) connecting the first and 
second leaf springs (807), the cross member 
(809) supporting the wiper (703 a) and further 

40 conprising: 

a wiper mount section (809 a), the wiper 
Wade (810) being supported on a planar 
portion (909 a) of the wiper mount section 

45 (809 a); and 

first and second flanges (909c) extending 
from opposite sides of the planar portion 
(909a). said first and second flanges each 
being formed at an angle with respect to 

so said planar portion (909a) such that, dur- 

ing wiping of a printhead of a print car- 
tridge (105 a) by the wiper (703 a), the 
cross member (809) minimizes rotation of 
the wiper blade (81 0) along an axis parallel 

£5 to the printhead and perpendicular to the 

movement of the printhead. 

8. Wiping structure as in one of Claims 3 to 7. wherein 
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the wiper blade (810) is made of an injection mold- 
able material, particularly of an injection moldable 
polymer, of a polyolefin alloy, of a blend of polypro- 
pylene and polyethylene, or of an engineering ther- 
neoplastic elastomer. s 

9. Wiping arrangement for use with a printer (1 00), the 
printer (100) induding a chassis (501) and a print 
carriage (102) nrK3vably supported on the chassis 
(501), a print cartridge (105a) including a printhead 
through which ink Is ejected being mounted In the 
print carriage (102)» the arrangement comprising: 

a wiping structure (703) according to one of the 
preceding claims; and 

a sled body (701) mov^y mounted on the 
chassis (501). the wiping structure (703) being 
detachably attached to the sted body (701). 

10. Wiping anangement as in Claim 9, wher^n 

the sled body (701) has a first suriace and a 
second suriace opposite the first surface, the 
wiper frame (801) being mounted on, or 
attached to the first suriace; 
the sled body (701) further conprises first and 
second extensions extending from the second 
surface of the sled body (701) and proximal to 
a first end of the sled body (701); 
the sled body (701) includes first and second 
holes (70 Id) formed proximal to a second end 
of the sted t>ody (701) that is opposite the first 
end; and 

the wiper frame (801) further comprises: 

first and second snap arms (703b) extend- 
ing from a surface of the wiper frame (801) 
and proximal to a first end of the wiper 
frame (801). the first and second snap 
arms (703b) fitting around the first and 
second extensions, respectively, to retain 
the wiper frame (801) to the sled body 
(701); and 

first and second retention legs (703c) 
extending from the suriace of the wiper 
frame (801) and proximal to a second end 
of the wiper.frame (801) opposite the first 
end of the wiper frame (801). the first and 
second retention legs (703c) extending 
through the first and second holes (701d) 
formed through the sled body (701), 
respectively, a foot being formed at the end 
of each of the first and second retention 
legs (703c) that contacts the second sur- 
face of the sled body (701) to retain the 
wiper frame (801) to the sled body (701). 

1 1 . A method for assembling a wiper structure (703) to 
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a sled body (701) of a printer (100), the wiper struc- 
ture (703) including a wiper frame (801), the 
method comprising the steps of: 

fitting a retention leg (703c) of the wiper frame 

(801) through a hole (701d) formed proximal to 
a first &nd of the sled body (701); 

moving the wiper frame (801) so that a foot of 
the retention leg (703c) extends under the sled 
body (701) to contact a surface of the sled body 
(701) and so that the retention teg (703c) con- 
tacts a surface of the hole (70 id); and 
pivoting the wiper frame (801) toward the sled 
body (701) so that a snap arm (703b) formed 
on the wiper frame (801) extends past a sec- 
ond end of the sled body (701), the second end 
being opposite the first end, and snaps into 
place around extensions formed on the sted 
body (701). 

PatentansprQche 

1 . Wischstruktur zur Veiwendung mit einer WSartungs- 
station (500) eines Druckers (100), wobei die 
Wischstruktur auf einem SchlittenkOrper (701) der 
Wartungsstation (500) montiert Oder an diesem 
befestigbar ist. mit fbigenden Merkmalen: 

wenlgstens einem Wischer (703 a); 

ein Wischergesteil (802), das den Wischer 

(703 a) trSgt; 

und 

einem Wischerrahmen (801). wobei das 
Wischergesteil (802) auf dem Wischerrahnten 

(802) montiert Oder an diesem befestigt ist. 

2. Wischstruktur nach Anspruch 1, bei der das 
Wischergesteil (802) ferner eine Federeinrichtung 
(807) aufweist, die den Wischer (703 a) trdgt. 

3. Wischstruktur nach Anspruch 1 oder 2, bei der der 
Wischer (703 a) ferner ein Wischert)latt (810) auf- 
weist, das mittels SpritzguS auf das Wischergesteil 
(802) aufgeformt ist. 

4. Wischstruktur nach einem der AnsprQche 1 bis 3. 
bei der der Wischerrahmen (801) eine Einrichtung 
zum lOsbaren Montieren oder Befestigen dee 
Wischerrahmens (801) an dem Schlittenkfirper 
(701) mit folgenden Merkmalen aufweist: 

einem ersten und einem zweiten Schnapparm 
(703 b). die sich von einer Oberfiache des 
Wischerrahmens (801) erstrecken und in der 
Nahe eines ersten Endesdes Wischen^mens 
(801) liegen; und 

ein erstes und ein zw rtes Haltebein (703 c), 
die sfch von der Oberft^che des Wischerrah- 
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mens (801) erstrecken und in der Nahe eines 
zweiten Endes des Wischerrahmer^ (801) 
dem ersten Ende gegenQberliegend angeofd- 
netsind. 

wobei am Ende des ersten und des zweiten 
HaKebeines (703 c) jeweils ein Fu6 ausgebil- 
det ist. 

5. Wischstruktur nach einem der AnsprOche 2 bis 4. 
bei der die Federeinrichtung fbfgende Merkmale 
aufweist: 

eine erste Biattfeder (807); 
eine zweite Biattfeder (807); und 
einen Quertrdger (809). der die erste und die 
zweite Biattfeder (807) verblndet. wobei der 
Quertrdger (809) den Wischer (793 a) trSgt und 
so ausgebitdet ist, da 8 sicli der Quertrdger 
wdhrend des Wischens eines Druckkopfes 
einer Druckkartusche (105 a) mil dem Wischer 
(703 a) verformt. um das Wischerblatt (810) 
des Wischers (703 a) Qber im wesentiichen der 
gesamten lilnge des Wischerbiatts (10) in 
Kontakt mit dem Druckkopf zu flatten. 

6. Wiscfistruktur nadi Anspruch 5. bei der der Quer- 
trdger (809) folgende l\4erkmale aufweist: 

einen WIschergestellabsciinitt (809 a), der das 
Wischerblatt (810) tragt; und 
einen ersten und einen zweiten Verbindungs- 
abschnitt (809 b), wobei jeder Verbindungsab- 
schnitt (809 b) zwischen dem 
Wischergestetlabschnitt (809 a) und einer ent- 
sprechenden Biattfeder (807) liegt. wobei von 
jedem der Verbindungsabschnitte (809 b) 
selektiv Material entfernt ist. um die 
gewDnschte Federcharakteristik des Quertrd- 
gers (809) zu erhatten. die das Wischerblatt 
(81 0) wahrend des Wischens Qber im wesentii- 
chen der gesamten Utnge des Wischert)latts in 
Kontakt mit dem Druckkopf halt. 

7. Wischstruktur nach einem der AnsprOche 1 bis 4, 
bei der die Federeinrichtung folgende Merkmale 
aufweist: 

eine erste Biattfeder (807); 

eine zweite Biattfeder (807); und 

einen Quertrager (809), der die erste und die 

zweite Biattfeder (807) verbindet, wobei der 

Quertrager (809) den Wischer (703 a) trSgt und 

folgende Merkmale aufweist: 

einen Wischergesteilabschnitt (809 a), 
wobei das Wischeft>latt (810) auf einem 
ebenen Tell (909 a) des Wtschergestellab- 
schnitts (809 a) getragen wird; und 



einen ersten und einen zweiten Ransch 
(909 c). die jeweils mit einem Winkel zu 
dem ebenen Teil (909 a) ausgebiklet sind, 
so daB wahr nd des Wischens eines 

s Druckkopfs einer Druckkartusche (105 a) 

mit dem Wischer (703 a) der Quertrager 
(809) die Drehung des Wischerbiatts (810) 
entlang einer Achse minimiert, die parallel 
zu dem Druckkopf und senkrecht zur 

10 Bewegung des Druckkopfes ist. 

8. Wischstruktur nach einem der AnsprOche 1 bis 7, 
bei der das WischertHatt (810) aus einem Spritz- 
guBmateriai. insbesondere einem sprltzbaren Poly- 
15 mer. aus einer Poiydefinlegierung, aus einer 
Mischung aus Po\yprop^en und Poiyethylen oder 
aus einem thermoplastischen techntschen Elasto- 
mer hergestellt ist. 

20 9. Wischanordnung zur Veravendung mit einem Druk- 
ker (100). der ein Chassis (501) und einen von dem 
Chassis (501) beweglich getragenen Druckwagen 
(102) aufweist. wobei eine Druckkartusche (105 a) 
mit einem Druckkopf. durch den Tinte ausgestoBen 

ss wird, in dem Druckwagen (102) montiert Ist, mit fbl- 
genden Merkmalen: 

einer Wischstruktur (703) gemaB einem der 
vorangehenden AnsprOche; und 
30 einem SchlittenkOrper (701). der beweglich an 

dem Chassis (501) montiert ist. wobei die 
Wischstruktur (703) an dem Schiittenkdrper 
(701)l6sbarbefestigtist. 

35 10. Wischanordnung nach Anspruch 9. bei der der 
SchlittenkOrper (701) eine erste Oberfiache und 
eine zweite. der ersten Oberfiache gegenOberlie- 
gende Oberfiache hat, wobei der Wischerrahmen 
(801) an der ersten Oberfiache montiert Oder befe- 

40 stigt ist; 

der SchlittenkCrper (701) eine erste und eine 
zweite Veriangerung aufweist, die sich von der 
zweiten Oberfiache des SchlittenkOrpers (701) 

45 erstrecken und in der Nahe eines ersten Endes 

des SchlittenkOrpers (701) liegen; 
der SchlittenkOrper ^01) ein erstes und ein 
zweites Loch (701 cf) suifwelst, die in der Ndhe 
eines zweiten Endes des SchlittenkOrpers 

so (701) ausgebildet sind. das dem ersten Ende 

gegenOber liegt; und bei dem der Wischerrah- 
men folgende Merkmale aufweist: 

einen ersten und einen zweiten Schnapp- 
55 arm (703), die sich von einer Oberfiache 

des Wischerrahmens (801) erstrecken und 
in der Nahe eines ersten Endes des 
Wischerrahmens (801) liegen, wobei der 
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erste und der zweite Schnapparm (703 b) 
um die erste bzw. die zweite Veriangerung 
herum passen. um den Wischerrahmen 
(801) auf dam SchimenkOrper (701) zu 
halten; und 5 
ein erstes und ein zweites Haltebein (703 
c), die sich von der Oberfiache des 
Wischermhnnens (801) erstrecken und in 2. 
der Ndhe eines zweiten Endes des 
Wischerrahmens (801) liegen. das dem io 
ersten Ende des Wischerrahmens (801) 
gegenuberiiegt» wobei das erste und das 
zweite Haltebein (703 c) sich durch das 3. 
erste bzw das zweite Loch (701 d) erstrek- 
ken, die durch den SchiittenkOrper (701) is 
hinduFchgehen, wobei an dem Ende des 
ersten und des zweiten Haltebeins (703 c) 
jeweils ein FuB ausg^ifdet ist, der die 
zweite Oberfldche des SchtittenkOrpers 4. 
(701) kontaktiert, um den Wischerrahmen 20 
(801) auf dem SchiittenkOrper (701) zu 
halten. 

11. Verfahren zum Zusamment>auen einer Wischer- 
struktur (708) und eines Schlittenkftrpers (701) 25 
eines Druckers (100), wobei die Wischerstruktur 
(703) einen Wischen^ahmen (801) aufweist, mit fbl- 
genden Verfehrensschritten: 

EinfOgen eines l-ialtebeins (703 c) des so 
Wischerrahmens (801) durch ein Loch (701 d), 
das in der Nfthe eines ersten Endes des Schlit- 
tenkOrpers (701) ausgebitdet ist; Bewegen des 
Wischerrahmens (801), so da8 sich ein FuB 
des Haltebeins (703 c) unter den SchlittenkOr- 3S 
per (701) erstreckt. um eine Oberfiache des 
Schtittenkdrpers (701) zu kontaktieren, so daB 
das Haltebein (703 c) mit einer Oberf Idche des 
Lochs (701 d) in Kontakt kommt; und 5. 
Schwenken des Wischerrahmens (801) in 40 
Richtung des Schlittenkfirpes (701), so daB ein 
Schnapparm (703 b). der an dem Wischen^ah- 
men (801) ausgebildet ist, sich an einem zwei- 
ten Ende des Schllttenkdrpers (701) vorbei 
erstreckt, das dem ersten Ende gegenQber- 45 
liegt, und um an dem Schiittenkfirper (701) 
ausgebildete Verldngerungen herum ein- 
schnappt. 

Revendlcations so 

1. Structure d'essuyage destin^e k §tre utilises avec 
un poste d'entretien (500) d'une imprimante (100), 
cette structure d*essuyage dtant apte k §tre montde 
sur, ou fix6e k un corps (701) de tratneau du poste ss 
d'entretien (500), ia structure d'essuyage compor- 
tant: 6. 



au moins une raclette (703a); 

une monture (802) de radettes sur laquelle la 

raclette (703a) est port^e; et 

un cadre (801) de radettes. la monture (802) 

de radettes 6tant mont^e sur. ou fixte k ce 

cadre (801) de radettes. 

Structure d'essuyage selon ia Revendication 1, 
dans laquelle la nx)nture (802) de radettes oom- 
porte en outre un moyen (807) fbrmant ressort sur 
lequel ia radette (703a) est port6e. 

Structure d'essuyage selon la Revendication 1 ou 
la Revendication 2, dans taquetle la raclette (703a) 
conrporte en outre une lame (810) de radette qui 
est nx>ul6e par injection sur la monture (802) de 
radettes. 

Structure d'essuyage selon I'une des Revendica- 
tions 1 k 3. dans laquelle ie cadre (801) de radettes 
comports des moyens de monter ou de fixer, avec 
la faculty d*dtre d6tach4, Ie cadre (801 ) de radettes 
sur !e corps de tratneau (701), lesdits moyens com- 
portant en outre: 

un premier et un second bras (703b) d'agra- 
fage s'^endant k partir d'une face du cadre 
(801) de radettes et situds k proximity d'une 
premise extr6mit6 du cadre (801) de radettes; 
et 

un premier et un second jambages (703c) de 
retenue s'^tendant k partir de la face du cadre 
(801) de radettes et situ^ k proximity d'une 
seconde extr6mit^ du cadre (801) de radettes 
oppos^e k la premiere extr^mit^. un patin ^ant 
constitud k Textr^mitd de chacun des premier 
et second jambages (703c) de retenue. 

Structure d'essuyage selon i'une des Revendica* 
tions 2 k A, dans laquelle Ie moyen fbrmant ressort 
comporte en outre: 

une premiere lame-ressort (807); 
une seconde lame-ressort (807); et 
un organs transversal (809) qui raccorde les 
premiere et seconde lames-ressorts (807), cet 
organe transversal (809) soutenant la radette 
(703a) et 6tant constitu6 de telle mani^re que 
pendant I'essuyage d'une tete d'inrpresston 
d'une cartouche (105a) d'impression par la 
raclette (703a) I'organe transversal (809) se 
d^fbrme de iagon k maintenir une iame (810) 
de radette de la raclette (703a) en contact avec 
la t^e d'impresston sur pratiquement Tenti^e 
longueur de la lame (810) de radette. 

Structure d'essuyage selon la revendication 5, dans 
laquelle I'organe tremsversal (809) comporte en 
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outre: 

une portion (809a) dormant monture de raclette 
sur laquelle la lame (810) de radette est por- 
t^e; et s 
une premiere et une seconde portions (8Q9b) 
de raccx)rdement chaque portion (809b) de 
racoordement tont situ^e entre la portion 
(809a) Ibrniant monture de radettes et celle 
des (ames-ressorts (807) qui lui correspond, de io 
la mati^re 6tant enlev^ de fagon selective de 
chacune des portions (809b) de raccordement 
de fagon k rtotiser fes caract6rlstiques de res- 
sort souhait^ pour I'organe transversal 
(809). caract^ristiques qui maintiennent la is 
lame (810) de radette en oontact avec la t^e 
dimpression sur pratiquement Tenti^re lon- 
gueur de la lame (810) de radette pendant 
ressuyage. 

20 

7. Structure d'essuyage selon i'une des Revendica- 
tions 2^4, dans laquelle le moyen tbrmant ressort 
comporte en outre: 

une premiere lame-ressort (807); 2S 
une seconde lame-ressort (807): et 
un organe transversal (809) qui raccorde les 
premiere et seconde lames-ressorts (807). cet 
organe transversal (809) soutenant la raclette 
(703a) et conportant en outre: 3o 

une partie (809a) formant monture de 
radettes, la tame (810) de raclette 6tant 
soutenue sur une portion plane (909a) de 
la partie (809a) formant monture de radet- 35 
tes; et 

une premiere et une seconde membrures 
(909c) qui s'^tendent k partir de cdtto 
opposes de la portion plane (909a), cha- 
cune desdites premise et seconde mem- 40 
brures formant un angle vis-a-vis de ladite 
portion plane (909a) de telle mani^e que, 
pendant Tessuyage d'une tdte d'impres- 
sion d'une cartouche d'Impression (105a) 
par la radette (703a), i'organe transversal 45 
(809) minimise la rotation de la lame (810) 
de raclette le long d'un axe parall^le k la 
tdte d'impression et perpendiculaire au 
d^placement de la tete dimpression. 

so 

8. Structure d*essuyage selon Tune des Revendica- 
iions 3^7, dans laquelle la lame (810) de raclette 
est faite d'une mati^e susceptible d'etre moul^e 
par injection, en particuller d*un polym^re suscepti- 

t)le d'dtre tmoulk par injection, d'un compost de ss 
polyol^ines, d'un melange de polypropylene et d 
polyethylene, ou d'un eiastomdre thermoplastk)ue 
industriel. 



9. Agencement d'essuyage destine k dtre utlis^ avec 
une imprimante (100), cette imprimante (100) com- 
prenant un chassis (501) et un chariot (102) 
tf impression soutenu avec la faculty de se ddpiacer 
sur le chdssis (501), une cartouche (105a) 
d'impression qui comprend une tdte dlmpression k 
travers laqueiie de Tencre est eject^e 6tant mont^e 
dans le chariot (102) d'impression, cet agencement 
comportant: 

une structure (703) d'essuyage conforme k 
Tune des revendications pr6c6dentes; et 
un corps de tralneau (701) montd avec la 
faculty de se d^placer sur le ch&ssis (501), la 
structure (703) d'essuyage 6tant fixde avec la 
faculty d'etre detach6e sur le corps (701) du 
tralneau. 

10. Agencement d'essuyage selon la Revendtcation 9, 
dans lequel: 

le corps (701) du tratneau poss^de une pre- 
miere face et une seconde face opposee k la 
premiere face, ie cadre (801) de radettes etant 
monte sur, ou fixe k la premiere face; 
le corps (701) du tratneau conporte en outre 
un premier et un second bossaqes s'etendant 
k partir de la seconde face du corps (701) du 
tratneau et situes k proximite d*une premiere 
extremite du corps (701) du tratneau: 
le corps (701) du tratneau comprend un pre- 
mier et un second trous (70 Id) menages k 
proximite d'une seconde extremite du corps 
(701) du tratneau qui est opposee k la pre- 
miere extremite; 
. et 

le cadre (801) de radettes comporte en outre: 

un premier et un second bras (703b) 
d'agrafage s'etendant k partir d'une face 
du cadre (801) de radettes et situes k 
proximite d'une premiere extremrte du 
cadre (801) de radettes. les premier et 
second bras (703b) d'agrafage s'ajustant 
autour des premier et second bossages, 
respectivement, de fegon k retenir le cadre 
(801) de radettes sur le corps (701) du 
tratneau; et 

un premier et un second jambages (703c) 
de retenue s'etendant k partir de ia face du 
cadre (801) de radettes et situ6s k proxi- 
mite d'une seconde extremite du cadre 
(801) de radettes qui est opposee k la pre- 
miere extremite du cadre (801) de radet- 
tes, les premier et second Jant}ages 
(703c) de retenue s'etendant k travers les 
premier et second trous (701d) menages k 
travers le corps (701) du tratneau. respec- 



19 



EP5QP676287Jfi!e:/Ay! 



Page2Q.P.t.3§ 



37 



EP0 676 287 B1 



38 



tlvement. un patin 6tartt constttu6 k I'extrd- 
mlt^ de chacun des premier at second 
jambages (703c) de retenue. patins qui 
viennent en contact avec la seconds face 
du corps (701 ) du traTneau de fagon k rate- 5 
nir le cadre (801) de radettes sur le corps 
(701) du traTneau. 



11. Proc^6 destine k monter une structure (703) 
d'essuyage sur un corps de traTneau (701) d'une 10 
imprimante (100). ta structure (703) d'essuyage 
conprenant un cadre (801) de radettes, ce pro- 
cM6 comportant tes operations consistent k: 

ajuster un jambage (703c) de retenue du cadre is 
(801) de radettes k travers un trou (70ld) 
manage k proximity d'une premise extrdmitd 
du corps (701) du traTneau; 
d6ptacer le cadre (801) de radettes de telle 
manl^re qu'un patin du jamt)age (703c) de 20 
retenue s'^tende sous le corps (701) du traT- 
neau de fa^n k venir en contact avec une face 
du corps (701) du traTneau et de telle manidre 
que le jambage (703c) de retenue vienne en 
contad avec une face du trou (70 1 d) ; et 25 
faire pivoter le cadre (801) de radettes en 
direction du corps (701) du traTneau de telle 
mani^e qu'un bras (703b) d'agrafage constitu6 
sur le cadre (801) de radettes s*§tende en 
d^ssant une seconde extr^mit^ du corps 30 
(701) du traTneau, cette seconde extr6mit6 
dtant oppos^e k la premiere extr6mit6, et se 
mette en place par agrafage sur des bossages 
constitu^ sur te corps du traTneau (701). 
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FIG. 7A 
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FIG. 8 
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